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PROTECTIVE EFFECTS OF SMOKE-FREE LEGISLATION ON BIRTH OUTCOMES IN ENGLAND; A 
REGRESSION DISCONTINUITY DESIGN 
 
SUPPLEMENTARY DIGITAL CONTENT 
 
 
Supplemental Digital Content 1: Flow diagram presenting the cohort creation, exclusions and the 
final sample size. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
HES database (birth weight values 1998-2011)
(n=3,962,649)
Exclusion of  primary care trust with wrong birth weight values 
(n=1,800,906)
Exclusion of duplicates
(n=3,914,437)
Exclusion of observations with missing birth date and birth weight values
(n=3,865,955)
Exclusion if date of entering third trimester occurred before 2005 or after 2009
(n=2,173,957)
Exclusion of births in Scotland
(n=3,952,325)
Exclude birth weight 
<200g and >5000g
( n=2,166,232)
Exclude missing sex or 
intersex babies 
(n=2,136,125) 
Exclude maternal age 
<16  and >44 years
(n=2,162,796)
Exclude gestational age 
<24 and >=44 weeks 
(n=1,807,321)
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Supplemental Digital Content 2: Histogram of assignment variable, demonstrating that the date of 
entering third trimester is continuous near the cut-off value and is not affected by the policy. 
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Supplemental Digital Content 3: Daily average maternal age plotted against the assignment variable 
(day of 3rd trimester) to demonstrate comparability of pre-treatment covariates at the cut-off. 
 
+ daily mean maternal age ≥ overall mean maternal age 
• daily mean maternal age < overall mean maternal age 
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Supplemental Digital Content 4: Daily average birth weight plotted against the assignment variable 
(day of 3rd trimester) to demonstrate discontinuity at the cut-off value. 
 
 
+ daily mean birth weight ≥ overall mean birth weight 
• daily mean birth weight < overall mean birth weight 
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Supplemental Digital Content 5: Daily average gestational age plotted against the assignment 
variable (day of 3rd trimester) to demonstrate discontinuity at the cut-off value. 
 
+ daily mean gestational age ≥ overall mean gestational age 
• daily mean gestational age < overall mean gestational age 
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Supplemental Digital Content 6: Daily percentage of low birth weight plotted against the 
assignment variable (day of 3rd trimester) to demonstrate discontinuity at the cut-off value.  
 
 
+ daily mean low birth weight ≥ overall mean low birth weight 
• daily mean low birth weight < overall mean low birth weight 
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Supplemental Digital Content 7: Daily percentage of very low birth weight plotted against the 
assignment variable (day of 3rd trimester) to demonstrate discontinuity at the cut-off value. 
 
 
+ daily mean very low birth weight ≥ overall mean very low birth weight 
• daily mean very low birth weight < overall mean very low birth weight 
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Supplemental Digital Content 8: Daily percentage of preterm delivery plotted against the 
assignment variable (day of 3rd trimester) to demonstrate discontinuity at the cut-off value. 
 
 
+ daily mean preterm delivery  ≥ overall mean preterm delivery   
• daily mean preterm delivery  < overall mean preterm delivery   
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Supplemental Digital Content 9: Daily percentage of small for gestational age plotted against the 
assignment variable (day of 3rd trimester) to demonstrate discontinuity at the cut-off value. 
 
 
+ daily mean small for gestational age ≥ overall mean small for gestational age 
• daily mean small for gestational age < overall mean small for gestational age 
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Supplemental Digital Content 10: Schematic timeline diagram presenting the date of introduction of 
the smoke-free legislation and the different time windows considered in the fuzzy regression 
discontinuity analysis.  
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Supplemental Digital Content 11: 
 
Detailed description of estimation using our FRD design  
We adopted a parametric specification for the conditional expectations functions which account for 
heterogeneity of maternal age and seasonal effects (by month). We included functions to 
extrapolate seasonal trends from before and after the cut-off point. We also accounted for possible 
heterogeneity in the outcomes by maternal age and month of birth (39) and allowed for overall as 
well as age-specific monthly effects.  
 
 
 
With Y ~ F where g(.) is a generic link function and F is a distributional family. Y represents the 
outcome of interest which is allowed to vary according to the age group of the mother (a), cohort (c) 
and month within cohort (m) .T assumes value 0 for all pregnancies falling in the discrete time 
windows (one month, two month, three months and five months) prior to the cut-off date (1 July 
2007) and value 1 for all pregnancies falling in the discrete time windows (one month, two month, 
three months and five months) after the cut-off in each year. The term A denotes a set of dummy 
variables for mother's age group; C represents a set of indicators for cohort (2005, 2006, 2007, 2008, 
2009); f(m) is a polynomial function of month within cohort. This specification explicitly allows Y to 
vary across calendar time in a way that differs according to mother's age. It also allows for common 
as well as age-specific seasonal/monthly effects (through 0  and 1 , respectively). The parameter of 
interest, which identifies the effect of the smoke free legislation, is the vector 2 . This is the 
coefficient associated with the interaction term TXC for level 3 of C (corresponding to year 2007 
since this picks out the period Jan 2007 to Dec 2007) 
 
When our health outcomes are binary (very low birth weight, low birth weight, preterm delivery, 
and small for gestational age) g (.) is the logit function and each health outcome Y is distributed as a 
Bernoulli distribution function so we employ logistic regressions. When our health outcomes are 
continuous (birth weight and gestational age), the link function is the identity function with Y being 
distributed as Gaussian and we employ a linear probability model.  
 
 
  
))(()()()()}({ 10321210 mfAmfCACACTTYEg acmv  
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Supplemental Digital Content 12:  
Effect of the smoke-free legislation on birth outcomes (low birth weight (LBW), very low birth weight 
(VLBW), preterm birth (Preterm) and small for gestational age (SGA)) stratified by region; 1-month 
window before and after June 15 2007 –July 15 2007; Odds Ratio (ORs) and 95% Confidence 
intervals were estimated with the use of fuzzy regression discontinuity design.  
 
 
  
North East
North West
Yorkshire and Humber
East Midlands
West Midlands
East of England
London
South East
South West
Region
1.02 (0.60, 1.76)
1.01 (0.76, 1.34)
0.64 (0.43, 0.95)
0.85 (0.63, 0.98)
0.82 (0.59, 1.13)
1.02 (0.72, 1.45)
0.97 (0.77, 1.23)
0.96 (0.70, 1.31)
0.82 (0.57, 1.19)
OR (95% CI)LBW
North East
North West
Yorkshire and Humber
East Midlands
West Midlands
East of England
London
South East
South West
Region
1.34 (0.22, 8.31)
1.07 (0.40, 2.85)
0.14 (0.03, 0.56)
0.40 (0.08, 1.93)
0.94 (0.34, 2.55)
2.85 (1.04, 7.79)
1.10 (0.52, 2.32)
1.26 (0.41, 3.86)
0.49 (0.12, 2.00)
OR (95% CI)VLBW
North East
North West
Yorkshire and Humber
East Midlands
West Midlands
East of England
London
South East
South West
Region
0.78 (0.44, 1.40)
1.11 (0.81, 1.53)
0.77 (0.48, 1.24)
1.44 (0.91, 2.30)
0.86 (0.58, 1.27)
1.18 (0.75, 1.85)
0.85 (0.65, 1.13)
0.82 (0.58, 1.15)
0.82 (0.56, 1.20)
OR (95% CI)Preterm
  
1.5 1.8
North East
North West
Yorkshire and Humber
East Midlands
West Midlands
East of England
London
South East
South West
Region
1.10 (0.76, 1.61)
0.86 (0.71, 1.04)
0.78 (0.60, 0.99)
0.91 (0.70, 1.19)
0.76 (0.60, 0.95)
1.07 (0.82, 1.41)
1.04 (0.89, 1.22)
0.85 (0.68, 1.05)
0.92 (0.72, 1.18)
OR (95% CI)SGA
  
1.5 1.8
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Supplemental Digital Content 13:  
Effect of the smoke-free legislation on birth outcomes (low birth weight (LBW), very low birth weight 
(VLBW), preterm birth (Preterm) and small for gestational age (SGA)) stratified by region; 2-month 
window before and after June 15 2007 –July 15 2007; Odds Ratio (ORs) and 95% Confidence 
intervals were estimated with the use of fuzzy regression discontinuity design.  
 
 
 
 
 
 
 
 
 
  
North East
North West
Yorkshire and Humber
East Midlands
West Midlands
East of England
London
South East
South West
Region
0.95 (0.67, 1.35)
1.02 (0.85, 1.23)
0.84 (0.65, 0.99)
0.75 (0.58, 0.97)
0.86 (0.69, 1.08)
0.93 (0.73, 1.19)
1.00 (0.86, 1.16)
0.91 (0.74, 1.11)
1.03 (0.80, 1.32)
OR (95% CI)LBW
North East
North West
Yorkshire and Humber
East Midlands
West Midlands
East of England
London
South East
South West
Region
4.46 (1.56, 12.74)
0.98 (0.56, 1.70)
0.57 (0.27, 1.19)
0.63 (0.26, 1.52)
1.65 (0.87, 3.12)
1.08 (0.56, 2.09)
0.97 (0.62, 1.53)
1.28 (0.68, 2.39)
0.96 (0.43, 2.15)
OR (95% CI)VLBW
North East
North West
Yorkshire and Humber
East Midlands
West Midlands
East of England
London
South East
South West
Region
1.01 (0.71, 1.43)
0.97 (0.80, 1.17)
0.91 (0.69, 1.21)
0.87 (0.67, 1.15)
0.80 (0.63, 1.01)
1.02 (0.81, 1.29)
0.89 (0.75, 1.05)
0.89 (0.73, 1.09)
1.01 (0.80, 1.29)
OR (95% CI)Preterm
  
1.5 1.8
North East
North West
Yorkshire and Humber
East Midlands
West Midlands
East of England
London
South East
South West
Region
1.01 (0.78, 1.33)
0.93 (0.81, 1.06)
0.79 (0.65, 0.95)
0.85 (0.72, 0.97)
0.84 (0.71, 0.99)
1.01 (0.84, 1.22)
1.07 (0.95, 1.19)
0.90 (0.77, 1.05)
1.02 (0.85, 1.22)
OR (95% CI)SGA
  
1.5 1.8
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Supplemental Digital Content 14:  
Effect of smoke-free legislation on birth outcomes (low birth weight (LBW), very low birth weight 
(VLBW), preterm birth (Preterm) and small for gestational age (SGA)) stratified by region; 3-month 
window before and after June 15 2007 –July 15 2007 ; Odds Ratio (ORs) and 95% Confidence 
intervals were estimated with the use of fuzzy regression discontinuity design.  
 
  
North East
North West
Yorkshire and Humber
East Midlands
West Midlands
East of England
London
South East
South West
Region
0.80 (0.61, 1.05)
1.01 (0.87, 1.17)
0.87 (0.71, 1.07)
0.72 (0.58, 0.88)
0.98 (0.82, 1.17)
0.87 (0.71, 1.06)
0.98 (0.87, 1.11)
0.94 (0.80, 1.10)
1.07 (0.87, 1.30)
OR (95% CI)LBW
North East
North West
Yorkshire and Humber
East Midlands
West Midlands
East of England
London
South East
South West
Region
1.31 (0.64, 2.67)
1.02 (0.66, 1.56)
0.54 (0.32, 0.92)
0.79 (0.44, 1.44)
1.22 (0.77, 1.94)
0.94 (0.54, 1.64)
0.96 (0.69, 1.35)
1.10 (0.70, 1.73)
1.12 (0.63, 1.98)
OR (95% CI)VLBW
North East
North West
Yorkshire and Humber
East Midlands
West Midlands
East of England
London
South East
South West
Region
0.94 (0.72, 1.22)
1.02 (0.88, 1.18)
0.97 (0.78, 1.19)
0.84 (0.69, 1.04)
0.87 (0.73, 1.04)
0.94 (0.82, 1.08)
0.93 (0.82, 1.06)
0.90 (0.77, 1.05)
1.01 (0.84, 1.21)
OR (95% CI)Preterm
  
1.5 1.8
North East
North West
Yorkshire and Humber
East Midlands
West Midlands
East of England
London
South East
South West
Region
0.95 (0.76, 1.18)
0.91 (0.81, 1.01)
0.81 (0.69, 0.94)
0.85 (0.73, 1.00)
0.85 (0.75, 0.98)
0.97 (0.83, 1.13)
1.08 (0.98, 1.18)
0.90 (0.80, 1.03)
1.00 (0.86, 1.16)
OR (95% CI)SGA
  
1.5 1.8
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Supplemental Digital Content 15: 
Effect of the smoke-free legislation on birth outcomes (low birth weight (LBW), very low birth weight 
(VLBW), preterm birth (Preterm) and small for gestational age (SGA)) stratified by region; 5-month 
window before and after June 15 2007 –July 15 2007; Odds Ratio (ORs) and 95% Confidence 
intervals were estimated with the use of fuzzy regression discontinuity design.  
 
  
North East
North West
Yorkshire and Humber
East Midlands
West Midlands
East of England
London
South East
South West
Region
0.79 (0.65, 0.97)
0.99 (0.88, 1.11)
0.89 (0.76, 0.99)
0.79 (0.67, 0.93)
0.95 (0.83, 1.08)
0.97 (0.83, 1.13)
1.06 (0.96, 1.16)
0.91 (0.81, 1.03)
1.00 (0.86, 1.17)
OR (95% CI)LBW
North East
North West
Yorkshire and Humber
East Midlands
West Midlands
East of England
London
South East
South West
Region
1.08 (0.64, 1.82)
0.96 (0.70, 1.30)
0.52 (0.34, 0.78)
0.92 (0.60, 1.43)
0.98 (0.69, 1.40)
0.98 (0.63, 1.52)
1.09 (0.85, 1.39)
0.70 (0.50, 0.97)
1.04 (0.67, 1.61)
OR (95% CI)VLBW
North East
North West
Yorkshire and Humber
East Midlands
West Midlands
East of England
London
South East
South West
Region
0.96 (0.78, 1.17)
1.05 (0.94, 1.17)
0.95 (0.81, 1.11)
0.92 (0.79, 1.08)
0.71 (0.62, 0.81)
1.07 (0.98, 1.17)
0.97 (0.88, 1.06)
0.86 (0.77, 0.97)
0.99 (0.86, 1.14)
OR (95% CI)Preterm
  
1.5 1.8
North East
North West
Yorkshire and Humber
East Midlands
West Midlands
East of England
London
South East
South West
Region
0.78 (0.66, 0.93)
0.92 (0.84, 1.01)
0.96 (0.85, 0.98)
0.91 (0.81, 0.99)
0.92 (0.83, 1.02)
0.98 (0.87, 1.11)
1.08 (1.00, 1.15)
0.92 (0.83, 1.01)
0.97 (0.86, 1.09)
OR (95% CI)SGA
  
1.5 1.8
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Supplemental Digital Content 16:  
 
Effect of the smoke-free legislation on birth outcomes (birth weight, gestational age, low birth weight, very low birth weight, preterm birth and small for 
gestational age); different time windows before and after July 1 2007 (i.e. omitting no month). Mean Difference, Odds Ratio (ORs) and 95% confidence 
intervals were estimated with the use of fuzzy regression discontinuity design for women entering their third trimester around the cut-off date of July 1 2007. 
 Exposure window 
± one month ± two months ± three months ± five months 
 mean difference (95%CI), p-
value 
mean difference (95%CI), p-
value 
mean difference (95%CI), p-
value 
mean difference (95%CI), p-
value 
N 321,414 620,661 922,337 1,508,187 
birth weight (g) 9.57 (-2.07-21.22), 0.107 13.24 (4.64-21.84), 0.002 17.79 (10.48-25.09), <0.001 18.82 (13.08-24.57), <0.001 
gestational age (weeks) -0.02 (-0.06-0.01), 0.136 -0.001 (-0.03,0.03), 0.081 0.03 (-0.00-0.06), 0.05 0.03 (0.01-0.06), 0.006 
 OR (95%CI), p-value OR (95%CI), p-value OR (95%CI), p-value OR (95%CI), p-value 
low birth weight 0.86 (0.77-0.95), 0.004 0.87 (0.81-0.94), <0.001 0.88 (0.83-0.93), <0.001 0.92 (0.88-0.96), <0.001 
very low birth weight 0.80 (0.60-1.07), 0.134 0.78 (0.64-0.95), 0.012 0.71 (0.61-0.82), <0.001 0.72 (0.65-0.81), <0.001 
preterm birth 0.90 (0.79-1.04), 0.151 0.90 (0.83-0.97), <0.001 0.93 (0.88-0.98), <0.001 0.94 (0.90-0.98), <0.001 
small for gestational age 0.92 (0.86-1.00),0.042 0.95 (0.90-0.99), 0.045 0.93 (0.89-0.98), <0.001 0.95 (0.92-0.99), <0.001 
Sources: HES data on pregnancies. 
All RD models are adjusted for maternal age, cohort (2005, 2006, 2007, 2008, 2009), an interaction term of maternal age and cohort, an age-specific 
function of month within the cohort. 
  
17 
 
Supplemental Digital Content 17: 
Effect of the smoke-free legislation on birth outcomes (birth weight, gestational age, low birth weight, very low birth weight, preterm birth and small for 
gestational age); different time windows before and after June 1 2007 - July 31 2007 (i.e. omitting two months). Mean Difference, Odds Ratio (ORs) and 95% 
Confidence intervals were estimated with the use of fuzzy regression discontinuity design for women entering their third trimester around the cut-off date of 
July 1 2007. 
 Exposure window 
omit two month 
± one month 
omit two month 
± two months 
omit two month 
± three months 
omit two month 
± five months 
 mean difference (95%CI), p-
value 
mean difference (95%CI), p-
value 
mean difference (95%CI), p-
value 
mean difference (95%CI), p-
value 
N 321,414 620,661 922,337 1,508,187 
Birth weight (g) 16.56 (4.56-28.55), 0.006 22.63 (13.75-31.52), <0.001 21.55 (14.17-28.92), <0.001 21.38 (15.66-27.11), <0.001 
Gestational age (weeks) -0.02 (-0.06-0.02), 0.292 0.03 (-0.001-0.07), 0.053 0.02 (-0.01-0.05), 0.118 0.03 (0.01-0.06), 0.007 
 OR  (95%CI), p-value OR (95%CI), p-value OR (95%CI), p-value OR (95%CI), p-value 
Low birth weight 0.86 (0.77-0.96), 0.006 0.86 (0.80-0.93), <0.001 0.91 (0.86-0.96), <0.001 0.91 (0.87-0.95), <0.001 
Very low birth weight 0.79 (0.59-1.06), 0.118 0.63 (0.52-0.76), <0.001 0.67 (0.58-0.78), <0.001 0.70 (0.62-0.78), <0.001 
Preterm Delivery 0.93 (0.80-1.06), 0.280 0.88 (0.82-0.95), <0.001 0.96 (0.91-0.99), 0.045 0.94 (0.90-0.98), 0.002 
Small for Gestational Age 0.90 (0.83-0.97), 0.006 0.94 (0.89-0.99), 0.015 0.93 (0.89-0.97), 0.001 0.95 (0.92-0.98), 0.003 
Sources: HES data on pregnancies. 
All RD models are adjusted for maternal age, cohort (2005, 2006, 2007, 2008, 2009), an interaction term of maternal age and cohort and an age-specific 
function of month within the cohort. 
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Supplemental Digital Content 18: 
Effect of the smoke-free legislation on birth outcomes; birth weight, gestational age, low birth weight, very low birth weight, preterm birth and small for 
gestational age; different time windows before and after June 15 2007 - July 15 2007, including an interaction term between the polynomial function of 
month and time window. Mean Difference, Odds Ratio (ORs) and 95% confidence intervals were estimated with the use of fuzzy regression discontinuity 
design for women entering their third trimester around the cut-off date of July 1 2007. 
 Exposure window 
omit one month 
± one month 
omit one month 
± two months 
omit one month 
± three months 
omit one month 
± five months 
 mean difference (95%CI), p-
value 
mean difference (95%CI), p-
value 
mean difference (95%CI), p-
value 
mean difference  (95%CI), p-
value 
N 321,414 620,661 922,337 1,508,187 
birth weight (g) 17.63 (6.12-21.81), <0.001 13.25 (4.70-21.81), <0.001 15.28 (8.13-22.42), <0.001 16.25 (10.58-21.93), <0.001 
gestational age (weeks) 0.01 (-0.01-0.04), 0.313 -0.03 (-0.06,-0.01), 0.018 -0.03 (-0.02-0.04), 0.389 -0.01 (-0.03-0.01), 0.093 
 OR (95%CI), p-value OR (95%CI), p-value OR (95%CI), p-value OR (95%CI), p-value 
low birth weight 0.89 (0.80-0.99), 0.025 0.91 (0.85-0.98), <0.014 0.91 (0.86-0.97), <0.001 0.94, (0.90-0.98), <0.001 
very low birth weight 0.75 (0.56-0.99), 0.043 0.86 (0.71-1.04), 0.119 0.76 (0.65-0.88), <0.001 0.78 (0.70-0.88), <0.001 
preterm birth 0.95 (0.83-0.99), 0.045 0.98 (0.90-1.05), 0.537 0.99 (0.94-1.00), 0.050 0.99 (0.95-0.99), 0.048 
small for gestational age 0.91 (0.86-0.98), <0.001 0.94 (0.88-0.99), <0.001 0.93 (0.89-0.97), <0.001 0.95 (0.92-0.98), <0.001 
Sources: HES data on pregnancies. 
All RD models are adjusted for maternal age, cohort (2005, 2006, 2007, 2008, 2009), an interaction term of maternal age and cohort, an age-specific 
function of month within the cohort and an interaction term between the polynomial function of month and the different time windows before and after 
June 15 2007 - July 15 2007 (1- month window, 2- month window, 3– month window and 5- month window). 
